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Fig. 1. Example of hip JSW measurement.
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els. Left, Kaplan-Meier from the baseline observation. Middle, Kaplan-
Meier that start at the one year visit (V01). Right, Kaplan-Maier starting at
the 24 month visit (V03).
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Purpose: Responsive measures of radiographic joint space width (JSW)
in hip osteoarthritis (OA) are important for the evaluation of treatment
interventions. To date, quantitative measures of JSW have only shown a
weak relationship with symptoms and predictive validity and moderate
responsiveness. One problemmay be that thesemeasures rely primarily
on identifying the site of minimum JSW (mJSW), which can vary within
and between readers and can be at different locations on serial radio-
graphs. At the knee, location-speciﬁc measures of JSW have overcome
these problems and can outperform mJSW. A similar method is now
evaluated at the hip. The primary purpose of this study was to evaluate
predictive validity and responsiveness for hip JSW measured at 3 ﬁxed
locations in the superior hip joint by a semi-automated quantitative
software tool.
Methods: A nested case-control study was conducted among subjects
from the Osteoarthritis Initiative (OAI), a longitudinal cohort study of
knee OA. OAI participants also had standing AP pelvis radiographs at
baseline and 48 month visits using a standardized protocol. We
examined baseline to 48 month responsiveness in two groups of sub-
jects who had AP pelvis ﬁlms at 0 and 48 months. First, we identiﬁed
subjects who had a total hip replacement (THR) after the 48 month visit
(at 60 and 72 months) (n ¼ 27). Second, a larger sample of cases was
selected that included all subjects who had a THR at any point (12–72
months) after baseline. For this group, the contralateral (CL) hip from
the THR was designated the case hip. In both groups, subjects were
matched (1:1) on age and gender with subjects who did not receive a
THR and reported no hip pain. In addition, the CL hip group (n ¼ 79)
were examined for the presence of pain from baseline to 48 months, in
order to compare JSW change in those with and without pain. Meas-
urements of superior hip JSWwere made at 3 ﬁxed locations. Location 1
was in the superior-lateral hip joint space and was 10 from a reference
line that extended from the femoral head centre to the outer edge of the
acetabular roof (lateral line in Fig. 1). Location 2 was 30 (superior-
middle) and location 3 (superior-medial) was 50 from the reference
line. Measurement was facilitated by software that delineated the
femoral head and found the acetabular margin along each of the 3 lines.
A reader used software to correct the output if needed. Statistical
analysis. Sensitivity to change was estimated by the standardizedCase group 1 - hip that







THR Cases (n ¼ 27) 1.51 (1.42) 1.25 (1.60) 
Controls (n ¼ 27) 0.03 (0.53) 0.08 (0.54) 0.
P-value 0.000 0.001 0.
Group 2 - contra-lateral
hip of THR hip
Cases (n ¼ 79) 0.23 (0.68) 0.24 (0.63) 
Controls (n ¼ 79) 0.03 (0.46) 0.03 (0.81) 
p-value 0.03 0.07 0.response mean for change from baseline to 48 months. Paired t-tests
were used to test statistical signiﬁcance between cases and controls.
Results: The overall sample was 47% male, 91% Caucasian had a mean
age of 64.2 and BMI of 27.9. Signiﬁcant differences in responsiveness
were observed between cases and controls in both case-control
groups. The superior-medial (10 from the reference line) and supe-
rior-lateral location (50 from the reference line) were the most
responsive to change in JSW. Reading time was approximately 1
minute per hip. Of the 79 subjects how underwent THR during the 6-
year study period, 17 reported pain in the contra-lateral hip. Those
with pain had signiﬁcantly greater baseline to 48 month change in
JSW and responsiveness at locations 1 and 3 than those without pain
(Table 1, Fig. 2).
Conclusion: This study provides evidence that a new computer-
assisted rapid method of hip JSW has predictive validity and good
responsiveness. It is also rapid, taking approximately one minute
per hip. In addition to detecting large 4-year changes in those
undergoing subsequent THR (compared to controls), the method
showed statistically signiﬁcant differences in 4-year change in the
contralateral hip of THR cases. Lastly, amongst the contralateral hip
group, the method detected signiﬁcant JSW changes in those with
pain versus those without pain. Location 1 (superior-lateral hip
joint) and location 3 (superior-medial hip joint) were the most
responsive in all groups and warrant further study. Location-spe-
ciﬁc measures of JSW are a rapid and possibly improved method to








1.29 (1.24) 1.06 0.78 1.04
01 (0.50) 0.06 0.15 0.02
000
0.40 (0.75) 0.34 0.37 0.53
0.13 (0.60) 0.07 0.04 0.21
01
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S260Anterior hip or groin pain baseline to 48 mos. Mean (sd) ΔJSW 1 Mean (sd) ΔJSW 2 Mean (sd) ΔJSW 3 SRM 1 SRM 2 SRM 3
None (n ¼ 62) 0.14 (0.59) 0.21 (0.46) 0.26 (0.49) 0.24 0.46 0.54
1 or more follow-ups (n ¼ 17) 0.58 (1.06) 0.32 (1.06) 0.90 (1.23) 0.55 0.30 0.74
p-value 0.02 0.55 0.002458
FAST-THROUGHPUT ASSESSMENT OF OSTEOPHYTE GROWTH IN
MURINE OSTEOARTHRITIS FOR CROSS-SECTIONAL OR
LONGITUDINAL MICROCT STUDIES
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London, United Kingdom; zKennedy Inst. of Rheumatology, Univ. of
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Purpose: Osteophytes (OPTs), well-known radiographic feature of
osteoarthritis (OA), have been implicated in mobility impairment and
associated with pain. Intriguingly, even in genetically chondroprotected
mouse models of OA, prominent OPTs can be observed, which might
provide useful insights on the biology of osteophytogenesis in the
absence of cartilage lesions. However, OPT assessment in the murine
models of OA has been traditionally limited to histopathology grading,
which is extremely slow and costly and, by nature, used only for cross-
sectional studies. MicroCT has recently been employed to obtain three-
dimensional quantitative assessment of OPTs in rodent models of OA,
either in cross-sectional or in longitudinal studies, but identiﬁcation
and segmentation of OPTs was based on manual contouring, which is
extremely time consuming and requires trained experts. Therefore, a
robust, fast-throughput method for automated quantiﬁcation of OPTs in
murine models of OA would be a valuable support for the OA research
community to help address the biology and functional signiﬁcance of
osteophytes over time. Here we present a novel method to automati-
cally and rapidly assess the volume of the shape of the medial OPT in a
popular murine model of OA, the destabilisation of medial meniscus
(DMM) surgery.
Methods: In our case, i.e. a cross-sectional study, the method is based
on the computational (rigid) registration of three-dimensional (3D)
microCT scans (ex-vivo) of the operated, right tibia (DMM) to the con-
tralateral (CTRL) non-operated, left tibia. Alternatively, in longitudinal
studies, the in-vivo microCT scans of the DMM-operated tibia could be
registered to themselves at subsequent time points. This 3D registration
procedure allows the quantiﬁcation of any new bone growing out of the
“original” shape of the tibia (considered the CTRL tibia in our cross-
sectional study). For our cross-sectional study, six groups of C57BL/6
mice (10 week old, n ¼ 6) were euthanized 1, 2, 4, 8, 12 and 20 weeks
post DMM surgery. Dissected knee joints were imaged in a microCT
scanner (Skyscan 1172, Belgium) at a spatial resolution of 5 um/pixel
and datasets were exported to CTAn (Skyscan, Belgium) for mesh
generation. 3D surface rigid registration of pairs of meshes of CTRL and
DMM tibiae was performed in the Image Registration Toolkit (licensed
by Ixico Ltd). Following additional image processing procedures
(voxelization and ﬁlling), shape volume differences between pairs oftibia were computed and any volume enclosed within a ﬁxed-size ROI
on the medial margin of the tibia (automatically generated in Matlab)
was measured.
Results: A medial osteophyte was visible from 4-weeks post-DMM in
both microCT and histological sections. 3D image registration allowed
to automatically segment the osteophyte and visualize it (Fig. 1, tissue
mapped in red colour). The volume made by difference between the
shape of the DMM and the CTRL tibia increased continuously from 1 to
20 weeks post DMM surgery. From 4 to 12 weeks, such volume
increased at slow rate, suggesting that most shape change occurred in
the ﬁrst 4 weeks following surgery (Fig. 2). The method was validated
by the excellent agreement between manual segmentation and auto-
mated computation of OPT shape volume (Fig. 3). Notably, our auto-
matedmethod required 2 hours of computation on a conventional PC to
determine the ﬁnal OPT shape volume for each pair of samples.
Conclusions: The proposed fast-throughput method to automaticallyquantify OPTs in small rodents cross-sectional or longitudinal microCT
studies is likely to be a valuable tool to accelerate the research on the
biology underpinning osteophytogenesis.
